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(57) Abstract: 

PURPOSE: To lessen a residual 
strain, which is generated at the time 
of manufacture of an inertia force 
sensor, by a method wherein a 
substrate and a wafer having the face 
(110) are bonded together to form the 
substrate into a substrate constituted 
of two layers and the wafer is 
subjected to anisotropic etching to 
form a structure having vibrating 
bodies and fixed electrodes. 



CONSTITUTION: In a structure, a 
wafer, whose surface crystal face 
bonded on a substrate 9 via an 
insulating film is the face (110) and 
which consists of a single crystal 
silicon film, is subjected to 
anisotropic etching. Electrodes are 
respectively formed on the surfaces 
of vibrating bodies. Thereby, a mass 
body 4 constitutes a movable 
electrode, which can be displaced 
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between fixed electrodes 6 and 7. The 
side crystal faces of the structure are 
respectively constituted of the faces 
(111) which are formed vertically to 
the surface crystal face (110) of the 
wafer. The metal electrodes 8, a 
metal electrode 8 and a metal 
electrode 8 are respectively formed 
on the surfaces of the vibrating 
bodies, the electrode 6 and the 
electrode 7. Beams 3 of the vibrating 
bodies and mass body 4 have a gap 
between the substrate 9 and them and 
anchors 5 are bonded on the substrate 
9. Thereby, a residual strain, which is 
generated at the time of manufacture 
of an inertia force sensor, can be 
lessened. 
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(4) fMSJM (3) T*iagB?XA£x«y^>yufc 
^ £ iZ <fc y ^ffl Lfcii^affS- ©fcg^SrX «y > 

v^^n^&^t-Sd^tcfcytffsaaii*:^ fulfil 

(5) SufBH^«gii, MSaig»«ll 

[0038] it &m3Z3 2mmo>m&jj-ty4)-<D9m 
xmtrmo) (D u) ©x^&^ 

(1) 3?®tCTgPH£**I5:JfcytfttfcS«£:, ^® 

©i&ii®# (iio) ffi*mu fr^>'pt£<h%ir>v) 

(2) tufB^x/NC^MOTWE&^l-S^ 

( 3 ) m^^\<m^(Dim\zmmiimm u 
*(Dmz^m^&rtz-y*mz>t=.®>\z=Ly?-y>fikm 

TiufB^X/VD (111) B^fSllCf&oTMtB^XAfC 

x^^^^-rs^ttciut^a^^, msmfewm 
m?mmm£^mxtzM^mm^^iM 

(4) t&faiB»#^ mtm^Mmt. rnmmmm 
t(D±iz&mwM*:mfi**5-(xtz>xm 

[0 0 3 9] 

msbi mmmimm<mm>^y-*\tmR£ d 

1 0) BSr^f Z>yxJ\£*:mert%>Z-£\Z£>)=imT> 
mf&ZixttoxzMU *y^J\Zm%&^v^yif-tz> 

t-#>. mm}-ty4)-z$m-?2>9&\zZiuz>mgz>?&z 
[0040] m&m 2 mz$m.<mm>*. >im, m 

[0 0 4 1] M*^3^c|B«a>gf4±t>-y-ti, H 
AikOimfr & WEBia^tc Lfc z: £ let y StMttaKBUE 

# (iio) mizmw.£ftz> (ill) ST-^sns 
[0042] mmiMimiztmoym&jjizyw*. m. 
(Dnmbnmimiztm't&M&zBttfezMz*. y± 

f B 9 x/n £ x y ^ > ?•$ § z. £ \Z ii y Jfcf&SJlSlCSfls 
fcato^ftf5a©«B5tt. ^H® (iio) ffiicfiaat 

&6 (111) ®(7)*T*^$nSZli:?:^tiEt-S 0 



(7) 4ffig¥ 8- 3 2 090 
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[0043] m^mm^mztmomm>^y^\t. n 
Mfo<D^$ftiztt?&m<D^&*:m<Djj$i<Dma>T}m 

<kyfc/J^*SJ:^75;^ji{CL^:Z:i:(C«fcy, 4#5t;frfo 

[0044] 6 m$. &m&m i mzim,o> 
mmj-t £ggfRt-s £«>© ^ 

y^y^mwsm^m»^z.£\zi:*). mfch^yw 
mmktmz<m-rz>z\£tf-ssffi£&$>. 

[0 0 4 5] »*^B8«tCW«CD«(tA-fe>*tt 

10 J^<DB^«i$:|g^S^i:{Cj:y, 

[0 0 4 6] m&m9m£t~im$vmi omiznm 
ffi*-t~z\£iz£ vnmft<DmKfjmmz&&mm<*-<Dm 

fcfrfrs j&ktef&jjiz «fc 558^ ^igtW^Sr^S Z. £ «c 

[0 0 4 7] fltfggi i#WE*©«tt2rtr:/-iNi. 

20 m&fo<Dtp£tfi&%:< ystv^ziiitcfcy, jg4^CDg 
*&< y&<^${Cj;oTligiS-rSZlt^T-^5CD 

[0 0 4 8] m&mmi 2 «wE«D«ttrt-fe 

**#ifi?:< yifev^fc^$:t,fc-t±fcga^^t<z)c^I^g(J^• 

K:jRl:T>*-i:&»»tfci4:»cJ:y, <ttlfcfriz>-b-# 
«ky/J^c^s„ 3^lc?x/\i:SKc!>^^M^S^ 

[0049] mmmi zmzmffiom&j-tywz, 

^, fe«.^^tt^g|^r^^c(DMH^cy^'^a.x-hffiSffi$:|g 

Z£tF*Sm£&2> 0 

[0 0 5 0] n&8mi 43S(cBB«©tWtA-fei/iM*. 

#^5:^5 fc#)0JJB?x/\±KM£g&&ffi-tS ^ 

«>©icfta*ifc«ffiia»S:a8w&ifc»ci:y, fg&t> 

[0051] m-^mi smiz%m<m i &jj-tywz. 
ffi&ft±\zM£&%:tkm?z>t-to(D i c-fbstit^mni 

40 S&Srfg^Sziiitcfcy, «14*-b>+>-&/I^c-rS3i; 

[0052] n&mi 6Tmzmm<m®2>±y*n$. 

S:f^t-*fcft(0fiaB6tRfcS:«W*ifcK:J:y, /<y 
^ - 3 7, h 5: W -S 3 £ tf^Jffi £ 
[0 0 5 3] fi|$g£l 7^Cffi«fi!)«(tfrfc^*tt. 

. w^\zmfr&tiz£K&*rmh^&Mke>imm*:'p 
t£<£*2^o>fm\zftnx&&^&z.£imffittm!& 

50 
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[0054] m&w& 1 8 mz.imoymth^ >-tm, 

o (110) m^m-t ZM&giki/V =iyfr<±>&Z>K;3LS\ 
5: (111) ®#|SKcmoTx>y^>**-r&3tfCJ:*J 

zmn. tmzz&u fr-owmmnzmrTZTyji 
[0055] itsjfcsygi 9^cia«E<^tt^-fe>-y-ti, 

®£K*te£#&^^£9x;\Bi?gT* 1 8 O^ODEUE 

[0056] i*&&g2 ostcia«®t«f4±^>-y-«> 

®# (110) WfcSitii^S (ill) ffiTfjgfiKSti 
[0 0 5 7] fl|$3ffi2 l*KlKK<Z>«|fc&-fe>W4. 

±SH^ 1/ n x y 5 1 > y+ -5 3 £ K J: »J &f&2 tiS5Ki 
ffc£^©^*Mtf)fl!|®{i, jftlS (110) Micas: 
(111) ffi©#T?^3*iS£fc«:fiaM-<&. 

[0058] mmm2 2mzmm,oymm> j zyw$. 

[0 0 5 9] m#]%m2 3*tCK«®«(t*-fe>-9-t4, 

[0 0 6 0] «*^2 4^{Cg^<^^-fe>-b-tt, 
tf»Sffi£teZ>. 

[oo6i] mmm2 5«K:K«©«fgaj-fe>w4. 

[0 0 6 2] »#g$2 63fiKlK«a)fWt*-fe>*»4. 

tftHWGiiWSfcSiJHfc < £ *» 2 o^xwi^j-fe &h— 



(8) ftftpp 8- 3 209 0 
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trty-y-zmi-tz* 

[0063] m#mm2 7mfr%m#igM2 &-m>^-r 
&Mzmi<7M^^yv<DW2ki5mz&v, mmm. 

[0 0 64] 

susmi. lam, 3©5§wcj:sa^aa&'tswfcc7) 

t>tf)T*&S„ 01 (a) Zl©itfitg-fe>-9-<3D3Jl® 
10 a 01 (b) tt, A-AT*^Lfet^ODi^fffi0. 0 
1 (b) {i, 01 (a) £B-BT*^#rLfci:£<DIST® 

[0 0 6 5] BlKUBUT, 3\m. 4-ttf(ftfc 51* 

s^tcigg^i;, s^«®6i:, m%m&i£x-mm*. 
zm$tfrz>„ mmix m&QizfmmzftLxmatis 
&t=.i&moM%mi* dio) tfes^j/'ja>^ 

i^mctt«feW£f£$*i-c^5. rfttcfcyjStStfM 
6 7 1 cd^&^s-t 5 - £ # «r 

xy\©a®<z)^® (110) ®lc*fbT^fi:i:&.5 

(hi) ifwsnti^. WMfa as«^6fe 
«t t^H^ws 7 ammizte&mmm s w&f&z nx v * 

5. S5»rt*<Z)Ig3i:5ftft<$;4£;ii, SK9tc*fU MA 

*^S9(C^LT^S„ 
30 [0 0 6 6] MS-fe^-tHi, 

t2ftt-tl««fcW ZLC0fc»^3^ ^StfCit^gw^ 
MtoT/jN$<^5«fcd^WTX^i7 h (MA. If, w/ 
t<0. 1) ^«Sg?:^LT^S„ SSSrA-fTX^i' 
h^ii}ct-S^i:{c J; y xfft. y$lflfcJ;tJf zftf[{c*ti 

^t*, yfflftfaoyg.mzttLxm.i'm'i^KWf-fz 
40 zii: (MA-tf. 1/5 0JWT) jFBRBfcfcy, zfffrtfipj 

S<t'$S0t% ziNl#fa<D^&<fcyfc£e>^£<fS 

[0067] g*:«s4^ ^j^tj:, mmmmx^ 

'J. ^©m^lii, 7 0. 5 3S, $$#1*1 0 9. 4 7S 
nzmm&<DQm<Dl(£Mffitf (110) ®fcai£i:J&-5 

50 (ill) mxM!&-£4x2>x.$izm3]ftx-v*y 
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coo6 8] mz. mi \z7r<ttmm-&y-v-<nmE\z^> 

nil Ilft4i:@£ii7, &&Vfmte4tm%. 
WM 6 £J)'Bf$,-fZ> i y^y*. l 2 A CfS^BL l 
3 U&tgsfMl& l 4 {in^-^^i^ l 0 £ n 1 
l tSrWt-SJnii^-fe>-9-^-7-, l s\t-f"v-V7y 
^ 1 6 £®ttffW. 1 7 J± L P F 6 

jjzottz&T-mMftiitym&oismzmL-tz. ft. 
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Z10>i&7-£ia2 (a) {C, *fcH2 (a) 
>tl0, fcitfl UCg^&x.fefc©*:!^ (b) tC* 



AC = 
I = 



2C0XAd/d 
j mXACXV 



CO: ¥*f&^lC£tt5H£«@6£fcl;j:@j£®I7 

1 : ¥»tt4 (Cg&nsm 
V : ACfl-^-agl 2©«ffi 

« : AC««K1 2®#j«aa» 

t : 

mA&iizm^&Wfcttv-VTy-fi stctyiftffl 

Hfrt>t£Z>mmi 6{CJ;y&gI3ti§ 0 -©ffc. LP 
F^if«)7-Y;i/^ 1 7SriiLTjg*#:4CD^fi{C«fcS2 

i*n?i 8 om<Dmmm£&z&$&]mz*j-=>z.££ 

3 £ #T'£, f£S#4 *W IzmL? Z> Z.£\Z& 

to, Sttt#4£, H5£*H6£<fctf7i:#&-t=i>7 I > 

[0070] ia 3 tc&egi i (Diifiis-fe >-y-<oi»ic&i56 
tov^Tswa-r*. H3tc«v^r, 1 8a3<fctfi9tt» 
rant. 2ot±«eas/U3>^&ft»j^fiiiw« (i i 
o) ffife^r-ts^-f^^x^v 2 1 »x<y 

2 2fe«fct)t2 3 \m\\m&t=&wmte£^htsLZ,)-\y 

2 4ttpS3^ttng©^tt1H&^ 
Jf. 2 5{iJtfiEK?:^aii-S^«)0^miai^IC, 2 6 

ii&ffi®s& i c 2 5 i &tB«&&&£>®s/y n> i cm 
2 7i*tfy7 : -<yyvj J r-x-$>2>o **\ 5*>w 



ffi-r«fc«)®«ffiEHlW)--«IS:H2 (c) TfflS&&. 

zzT-lZ. MAfaiammz&zziyTy 

wgmgtmzw-o 4yv-#y7mvk.%m\s*Qm 

So 

10 [0069] 02 (c) KLfcI»fflllBI©-«&gVr. 
A CfB#3K 1 2 ££ftgW6» 1 3 tC«fc y 6 

JUHM£<Z>ttffiRm&cZ)fr£2d. ftS#4©sp8j 
W*3Vaato6*v«WB) *»6>fl!aEttS:Ad4:-r* 

£mmmAc&£zfmm.m izrni&wfa i w^are 

( Ad <d ) • • • • (l) 

.... (2) 

20 *?x/\2 0_htC@$ 3 ft mlgmcDmiW: 1 8 SriggL 

tit ^NM^yyy^^-f-attrSrfflv^TWbiiii s± 

-taftK^-fxy^/j^fctt 

& 3 Aml|»DaiSfet)0-i9f>^|2 1 

6, xy^>*» 2 ltt5^£&<Z>ftKtt4fccfctf 

±©^bJKl 9<Z)_t(CX>y^>^2 1 fcKtfTtiJ: 
30 fiffifcM^TPJt (03 (a) ) . 

[0071] mz. f;^x'?iA2 ocommzmmL 

(H3 (b) ) . 3©gt T r /Vf^9x/>2 0©a®S 
ftMW*fc«>tcytyS//<-s/a>Bt2 2, fe<fcy^E9 
«^®5:«S-rS7t«?)lcy\->vi/^-i/3>J^2 3 S:CV 
Dffi (LPCVD, PECVD^a ^/ty^eSCJ: 

y x <f xy n 2 o , «t tfMffi. 9 aymmzjm.'t 

S= ^<y£/^-£/H>R2 2<Z>AS(CAfilS« 

40 >y wmz, mm.j*y^>?-y>f crie> *: 

if) TJBfiJWS. 
[00 7 2] fiU /^M-^3^12 2CD^®(Cjn 

«, f/u x >5 x a 2 o «y y vwm zm-tv&zm 

-^XA 2 0 »C J: y ««S tl5@^®^ 6 £%Mfc4 £tf 
50 ft-taSSiaffl^v^, £J:l) ( ^gttfi7^ftftfC4 
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tfx/\ 2 0 wmWlCttLT £ hizmmt &Z> J: e> &fg}g 
[0073] ;r<z>«fc3&gta:#ra©xy^>^<^T7!r: 

o) m^MLxmrnttez a i d ®*:&.5«fce>icx 
<y ^ > 9 zn^ tz. t ti v * y ymnwUjKmmrZfr 
te*m^zz.£iM&£tsiz>z.£ftftt>tvi:\\&. Z.<D 

fc«>, l£fi<Z>£fitf (110) T'&.S-tWX^X^ 
0{Cfe^TM*'ffix>y5 L >^&tTe)fe«){Ctt, l>yf> 

X/N2 0GD^|®CD5g|i®T'&-5 (110) ®{C*fLTS 

ttt^sj;^^ (hi) m£-kz>&%m<mi3®.*M 

[0 0 7 4] j&H® (111) (Offi^&SI^S^^ 
LT, f/H^CiA2 0©^*fni5:fflKgi-Sfe«)lC 
-T r ^-fX^X^2 0^f=f^^tlfe^^>-7^«y h (# 
fe-7-^) £=fc£tcLT (111) 
£„ *gH®# (110) T'&S-tWX^x^ 

2 0CDA'>yi/^-ix a >j^2 2CD±{C&e>3t>^«)®^e 

^iS^5fe*wM^-}i^5:o. i^o-re 3 -&fev>< 

xy^->y«:fft\ St&f^tDx^^^^CDii^f^S^* 
[0 0 7 5] ZL0)J:e){C, JfcWtxyf-S/ycjiyjKJS 

dn«n<^fis^ (iio) M{c*fLfia:tJ&s«fc 

3fc (l l l) K£&&<fce>{C5VWx^x/\2 0<5D,r? 
y S"*- £/ a >K 2 2 iitcitfi&giz fctoffc* ««BS 
ftl5&Zf®%mM<Z>M-y1tMf&Lt-%L. JfcWfcny 
KOH. TMAH, t h*5^'X C 
s OH&i;*) 5:S^tA'vM-i/3>l2 20V?#- 

^bj^-tW x-^xa 2 o fcsrftiii 1 8 (Dtm-K&m. 
£. ®%mmi£*:m^ &m&m& m—G&JUx* 

x^2 0^e>M$n§ (H3 (c) ) . JfcfrttXy*- 

y vwkz SBfrt-sinSiaHz yy-mWBaa*?-* *j 

rf£. i';f>yi/-h®SM (i/U3>C!) (l l 
0) ffi©x>yf>yi/-hti/Un>ffl (1 1 1) BCD 

x.^y^u-h£(Dit) £ y mmtywrnm^ 
m&vm£iz£vmw&mmmz>. msftoxfb 
^e>*n5ES^m-ts*njis-fe>-9-{c^v^^ sum 



(10) 4$ffi¥ 8 - 3 2 0 9 0 
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htfWLfcfc^ x<y^i/^(Dg?$il{C^#1-S 0 - 
©fc«>A*-x>#|ff£fc, ^v3-y<f\s-ho>mmit 

£ z-i£m£-?z> £. mm.z&&wm<D*fv ? -?o>m. 

xjN-figttd:, ^-v*f-yy<fMZ\z.&. y&«b5.rfc#T'£.5„ 
<fcoT, I^DjP^&feo^x/^^ttx^^^^T* 
=fc, -^^ejCD^-ttx^^^^Sr^-icDtM®*^ 

M^x^^>y^fe)®i:T*«, &.m<Dj3imij$i(D 
^y?-y<y<Dm7Z£*mz.z>z£tfT'gz>. iot, 

10 S3 (a) ZCKcfewr. $?ffclg|l SJ^CXy-^^S? 
2l£^bfcgt x<y^>^2 1 £t>o3lffi{C<ij£ 

0>¥3tfSgtf>;?# £ M#f£x v ^ y ff %m v *T & C 
ftxy^>^LTfe<CD ; b«fc^ (®jrfr1*) . 
[0 0 7 6] 7£tC, f;H^->lA2 0frt>3LV?-yif 

-S/a>|g|2 2&x«/?->yfcj;yGfc£U pS!*fctt 

20 <fct) £ <ratcwM£«c®2 4$:^t-s^i:fc«fcy. m 

v>mz £%mfoA £*3t&{sT\->z>m\mi 
y?\z&m^m3£mAm£*M}frtz> mz 

(d) ) . *LTnUxy^2 0frt>mi&Ztl&ffi 

30 (S3 (e) ) . 

[0 0 7 7] fcic S'JtCffiSatvfc, Mtssr^m-rs 
fc*^a}HIi2&S: I CffcLfe^ffi[il8& I C 2 5 
Ajf£i/ ] Jziy I CSK2 65:^df>'T ; -f >^J&fl3i^ 

m^TMsm-ty-*m3-i4£m&vT*>&\\ z.z.x° 
t/v ^y<mmk&mimft*m^&(D\m\m&i c 

2 5*^®^$:fezl$^:v^J:e»^c■rsfe«bT'*S (H3 
(g) ) o *®|ft. JK^-f >y»7>f-V-2 7ftfflv\T 
40 ARK*. ^3J:t;^ffiIiIi^IC2 5(Z)±0^m<i8&iB 

i^-rso -eux^>ri/>y{cj:yM^coAifiis-fe>-9-fc 
^Hirr*. z.v>9<i i/yy<Dim& ^mtms& i c 2 5 
&«*i&A/£s/y 32/ 1 ca®2 6 mmsfryvaff- 

[0 0 7 8] ±3^(Z)J:e)tCiDjE!gS:^ffi-t-Sfe 
«)G)^ffitag&^ I Cft LfctttaiEBft I C 2 5 
fc'i/ ya>l CS^2 6 SrJ9!Hcffl«^-*©-efcMfe<, -r 
/Wx^x/n 2 0 fC*>e>^C«>KajEI8& I C 2 5 S:iifi» 

50 ( b ) UB<B»Ttfc5W ^ 9xy \ 2 0 tf>_hlC&ffi[IIi& 
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i c 2 5 &mmit2tit=.mizft>)&tbtt&\,\ tt^it. 

iOWe>rA-f^i?iA2 OIZ I C-fbStlfc^ajUJg&I 
C2 5&ftB&^7?£<(Z)-CfcJ:V\. _hi$©J; $ IC03 

(b) m o*y^-vwx^xy\2 o&mwzmm 
u r/u x 2 o <Dmz zmm-tzmz izmffiL 

t=&. X £:r;\ 2 0 <D±K&mm& IC25» 

ffi^t$ tlfeffitCffi^ii^ A«y i//<- f 3 >^ 2 2 

';n>ICSS2 6S:Mt5. Ay 
a>12 2 SrfitefiU «*ttxy^>y»cj: yfl*UCS 

«fcy*3fc«**4fc«:j!fi6H-s. 3sMWM8 
SrJBiau jK>tV yfV-i^- 2 7 fcfflWtflBifl* 
<fctf&ffi[I18& I C 2 5©_h©£M«f88£BSi&i--5 (0 
3 (f) ) . i©<fc^ft*a&Mv^i:tftffl|BB»iC2 
5 &mfriLfu1£i/ U 3> I C*fg 2 6 £&K9 

[0 0 7 9] *fc»C(Z>J:-5«s*j»fcffiV\T*>ftfi«flE-fe> 

■ffi. Zin«, f/HX'>iA2 0<D±tC®Kbmi 8$: 

y^y>fm2 1 fcJBflWN&AvfoyiC -tVW;*?x/\2 
0gft&x^>y-r&ZL£{C±JJ^A-f;*.>?x/N2 0 
tCXy^->^»2 1 fcfl&ftU *©tfetCHHfcB{l 8 £g& 
^L^X/^*&CVD&&^%T^VWX<?X/N2 0 
©^ifl^-frS (04 (a) ) . -tCDft. S/y=i>© 
Hteft&&JSHT3ltR9 £S&£f6 (04 (b) ) . * 
©&li, 03 (c) XgJ^i^(Z)X^&i:-5^iltCj:oT 

v^yfm-2.\^v^y f f^m\z^mm^, ■*©* 

££ISSI fig#m) -t.6ZfcJC.fcy. 03 

( b ) (DXm, o * y -tW X 2 0 ©^M&ff^ 

L*©^$ fe«IW-S:EgS:4W&"* 3 £ 
[0 0 8 0] a6IR9«)trtlttS/y3>i:Lfc3W. 
(MA.it. 7fr$;WK& *?3lg^©#7X&£:*© 

V^Tiffiasaffe>-9-S:i5BS , t*IigCD--««:BI5 &J8wt 

[008 1] ttfflgRfr I C 2 5 &*&fr&tt|B*&ME 

X ^xa 2 0 icAy >>a>!2 8 
U x^^->y^v\TX'y5 L >^2 1 5r^fS 
(05 (a) ) . mz/Syis'<-is3yljg2 8*V&iiL 
R§^^&;i^T-7Wx^x7\2 0i;g$9i: 
(05 (b) ) . ^&9£tWx 

^xa2 o £&ifflgswH(te'r*©"ettfc<, BMtR& 



(ID NP 8- 3 2090 
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2/U3>lC»R2 6tS:^6 (05 (c) ) . A 
y */ 3 >flj 2 2 U «G@#tC^MmS 8 
ma^^-^-iX^-^ (05 (d) ) . <fc*nttJ|3M£x 
>y ^ > ■* £ fc fttCA y *//<- */ a >K 2 2 fCflBttt 
S/ »J n y I 2 6 ©/t* - > S:JBtfM-*t9K:A« 
Wi8©AC*->£JKjfcU U7h*7CJ:»JCr, A 

io [0082] mz±H L t=. v v**ftj&HZ>#83c «fc y set £ 

mmm (06&tf07) men^xmuz^^ 

T, 2 9 ttU- KtfX 3 OliX^A. 3 1 tt&w 
7. 3 2ttg^JT-&S. 0^Lfc*©ti, ^ffiElS&I 
C 2 5 &iB*i^€2/y n> I.Ci6IE2 6#ilfiag£fe2> 
1 4 ©ilCg^^tifeiDii^-fe^-b-?:^^^-^ 
Lfct© (06) , ftJ:t«WttiattIC2 5ft-3 s /t-fx 
>^x/> 2 0 (ciffl»^T*SSiLfcJniiSir>-y-S:yty >!r 
(07) Lfc=fc©T*&5„ «flHail&ICXfcLTt> 

^mias& i c 2 5 s^v%^itfits-fe>-9-©«Ea8P^-fc, 

^ffimS^Sr^tS-T 1 ^ Xf y - htt : pflsa3^6&«4ft 

ffiim^fc5:V^>hL^?:/'!'y>r-s;LT : b«fc^ (0- 

s%frt) . **9^3 lrticii, ^yvomwrnm.* 
wmt&miz. 'Xmizi&cTfrtjmfo (m*.a~ 

[0 0 8 3] i»fiJflr-fe>*fc^y^r-s;t6XBti. tt 
#Bj5: r^i&b^ffi&g-fe >if©«Sratc A y iitf i H \z 
30 J:y*fiia-fe>*«iaWS:^*ifc3Wfc6©T* % i 

©zns&fj-siBttctt. ^ y ->*«wrff 

s 0 *fedf>f 2/>yfflxBT»«*-r*«yjffK:j:6fae 

[0 0 8 4] H8K^f J:-5&«W»CUT%»J: 

V\ 08tCfeV^ 3 3tiM«J^SP. 3 4t±«^S 

«. 3 5ttx^>^rr»s Q *fe«®a^3 4tc 

fiteftjWKdESflTV**. 08©J:e)(CTO3a#SP3 3 
SriOSftK* >"9*f - 1 4 ©ffiJHSrSj y Hs^<fc e» iz (Iftffi 
40 mm I C 2 5««BasiE±tcf^6nTv^*»&itiS:* 
to) JB*U ^X^fc>P,*;S«^a^3 4 £*ifl»£ 

«p» 3 3 tmm&-tz> z.£iz&*) tumm-t. y^itrm 

U #SI*«3 4$:|^tLT|^^^S:tS. *fc 
li, «R9©tm««3V7^Tfa&6»^, »^9$:|^fc 
U -»^&K3 4 Srl^gfc LT|^^^$:-r-5©T'=fe<l: 
v\ »^tietR9£J:a(|iKi^«aS3 3«:NHi2:U « 

»K3 4 tct±. BMkR«3&llSMt^^©MIHK&4rr 

50 2>isV=iyZm^T*)£\,\ timmtmirZi/V^yfr 
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3 4 M%5:»SIJ3 3 £ 

3 * fctttt$ttg|l 3 3 JcttKWfcS 

ifi'l-SfcftOMlfiiSrKWTSyfi-tSi^tcJ: y, &jtm 

[0 0 8 5] i-J LTftt>nfrmi}3Cmi3 3 t-^g 
S3 4 £*lhSMi^>i*©«^;Mfcffi(IIj& I C 2 

©=rxN&Tlf<53h#HrtB£fty, .fcyflSaxh©*! 
[0 0 8 6] K8lC*f>;ftSJ:e>tC, «^®K3 4©f| 

£ & g mzWgb£H:Z>fc!b<D : b(DT'3bZ>frt>"rsU XV 
x/\2 0{Cx>v^>^3 5fc«WT%»J:V\ 
[0 0 8 7] §£&&M2. 09OADii|g-fe>-9-lCteV\T, 

■^ftftiO tcfcyjgBfctj&dtt*. d©JgS«Jli, g 
4^4<z>igt&^[6j(cSe^:{B!fffi©S«A^$v>«if v * 
£<ft£„ Hl©ftfi*K-fe>*tcfev%T, mfeWMBiS 

SOT*, in&®|^a#^>tr>ywasBiBS:^LT 

[0088] m9©Mig-fe>im, jumm owgfrfi 

T'$>2>, zttiz&vw&frottamsM (iio) m 
tcML3 5. 2 6m<mmz&-rmtt (udm® 

(110) ®fc^fUCfc*2o© (111) S<Z>&<-?£ 

i3i:fCJ:»JJBricSn*. lygMlTtt (110) 

3 5. 2 6ft0>ftffi&&-? (111) ®#££ft^<fc? 

(110) St3 5. 2 6mo&m*:t£? (1 1 1) ® 
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«k e» tctsit l ft w*u*ft e> ft v \ 
[00 89] jxmB£ty-9-<DtUkfo4 tmiifiizj: yg 

VWmms 6 WW*4 ©*§©#$£:«;* &HlOtt-S 
Z.£IZ£ y HSft 4 <D$lVZ>WK± *Wffi-tZ> Z. £ tfnj 
fgfcfty, i*i*yHl 0©J:^tc*IfitR-fe>*©M« 

IB : C = 0. 7 0 7, C : * 

[0090] ^(D^zmfmm.m^y^.ymwm- 

3 6fcfOMfs4©ft"r*(Bg«>'<TCD^"fe^&<i:%ilo 

<dktv>*cv *j :7fc*&-£«cRtW* d £ let y , 

zm3<Dim. t r^tm&m m&mmo&mzmz 
fcfts. vxt<n&o\zmmi&tt^#y\zyrmm 

20 fl|3 6 J:tf«»M feRWSifcC J: yj9tKR!R& 

^«rtg^ft5„ 

[009 1] 3 . HJSM3 coinfitg-fe >■»*•©—#! 
SrESl HCg%"T. HI ltCfet^T, 3 8feJ:t)f3 9{±ffiF 
^©0^«fg, 4 0ttr^ax-hffl«jS , C»«. S 

4^4 amt, w&&4 (Dm£W)-tom^mk3 9 © 
W£<D*vv7*:, -*-*w<fcyt)/h3<fts«fce»ft 

*mmt*iBL $mm<m£ms$m%.wm3 9£ 
% v ^i«)"«Biaa n* 3 y^y^-x y -e©»^s 
sffy-&e»@^«®3 9©»i:©^^^ 

flfi* J: *J *»/J\S < ftSSP^-T'^SS^r 3 7 
Tfey. lfffl©S^®i^TT-3>7 i >"b-$:^fi8;LT^ 
6. ftS*4©ttfc»y-&-5Hfe*«3 8©tti: 
C*»HUBBfil*<*ft. Stt#4 i:H^«ffi3 8 
40 ^ft-r^m@^T 3 7 »y ^S:^a#;4 t Hjg« 
S 6 i:©tt®ra©^-v >v ^tc^L < U ^o!i^4 
H^mfiS 9 £t>'t£-tmmWM^73 7 yf&lt. 
*#4 i:HSSi7 £<DWmR(D*r*VZf\zmh< LT 
V^5 0 $e>{C, @^«^6tH^S^3 afcSWpm 
^{Cgggg U ^OgJtm^ 7 £ @5£flt*i 3 9 fe^SP 

6 £ mfemm 3 8£ z$miz u ^osswi 7 1 

«<S3 9 ZZpmiZLXbJ:^. 

[0092] ay^ryvoymm^it^imm^m 

50 -r£*§£\ Mi«£4 tigiii:«t5n>T>-!>- 
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iffltJCjtWi-*. <toT@^®i3 8i3«fct>'a^«g3 
S3 8 £T*^££ft§^^^7 3 7©=^>y^£f| 

*#4 t@5£®S6£©=^-/:/{c^L<igjtu fr-D 

ftft#4 £HSgSJI3 9 £T^££*\,§fti9£®g/<7 3 

il&S, @5fe®g3 8;f3J:tf@5£«*i3 9 £^«iiT* 
traWSifclCfcy, ®^«®3 8feJ:t>'H^«®3 9 

#n£it£&tB£ft£fc>ii:%o3fci;:&.5o ioT. tti&£ 
m8^7 3 7©*7»fflRffiC*3Vvtti, mr&^NRic 

[0093] * fcH l 17*14. Rfttt 4 JcSSHftlW* 
-?-©pHC7*^a.x- hfflltffi4 0 SrRltfTHS. »*i 

IBT'&S. o*y, T^aX- hM®(14 0 fMMfc 
4 fc©IHIC*t^fc£BS*sfcg|*gb!iic J: yjlfttt 

a.fc©icjkwu:*L<. *o^iz>tf©wH*4#£ 

£&S. *fcl*, B£tt&3 8©HB£ttftttlc3jyfljE 

■title J: »; 7*3^x- hfflmSfc-tSifcjVT?* 
S„ Z.<DT9*z.3L- hffl«ffi4 OHu Hi, H8, 0 
9^<fc0^fSH12, 013. HI 6{C*fLT=fcSI 

jg-t-s^rfMtgt&So m%.wffi6t.m&gM 

3 8,* &l*H&tS 7 3 9 ©V xftlfr©^ 

[0 0 9 4] 386094. |ia^4<oMaurfe>*co-« 
SHI 2{C^fo HI 2»CfeVNT4 ltt«*flg&£ffiL 

arc**, hi 2©*^tc*3£suwfr4j*&$*sms 

#»CfUW*8fcgffll,»4 1 ftfgtfSZlfcT*, 
t>*7>£- 5 fci©Ratt&£ffiU»4 1 £©fflRi&« 

3 1 m&wmtcorx^ y %/j\s <, ^ctstt-rs rttc 

[0095] HI 31*, HI 2JCi3JcAS:JDjtfe%,©-C» 
S„ H 1 3 (CfcV xT, 4 2 HJCftft 4 ©jfti;S:3IS«r*& 
fett©R*ffjBUBW8*--;bT?feS. Hi 31*, *g&£© 
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-;u4 2fc£Rttfc%,©T?&s. -©^a^Wfiga^?^ 

-;i/4 2©^a»C«J:yStfi*4©RSS:H8WSi4: 

itiiy. *3©sas:SEjt-ricii6««-fe> 

•9-©JSWf#f4£, ^©NffitftjU^ftfiflfiE*- 

;i/4 2©*#s&3Efca-e6ifcT3gfri-6;ifc*«T£ 

So 

[0 0 9 6] J©i60IJ5. Hl4{i, fWM ©ftffllCJK 

«>S«f fctc «fc y 9 HWMfoV) 2 o©7 - 4 IC 

*csi>i****e>«3 joca&^cs tv^ofciaaae** 

S. iaB»S:i©«k^ft«BiK:"r*l:, ®&9 tmm. 
y!R3jWS/7fe5tW*4:v^3i:l*4v\ 

[0097] mms. hi 5t4jefiffittB*75rRw«2v» 

KrtSTt * 2 ^©iffitg-fe & l§I-©®KJh{CiSt b 
&%>©7*%&. H15tCi3VvC 4 3l*x$fc£|6j©2inii 
20 S&*^*Sfc»©x||^|ftIftfiift-fe>*, 4 4l*y$fl| 

^©iniisft&m-rsfetf)© y«n*(RE&uitg-fe >*t? 
s>5o zm{ciyx$fi3s<fci>*yfa©2fi[©iiiiiss:iB!i^ 

[0098] msffiT. nasw7i*. ia^iiis$:-rs% 

S„ HI 61*. meat&5:i-s^©^iiiss:^ti-ts 

^iiM-fe>^©«M&^-r^®H (a) £-£©F-FT* 
©»TffiEI (b) T'feSo SI 6fCfcV*T, 4 5t*«m 

s. 4 6fc«ktf4 i&wM^-zmmM. mmzA 

30 «fctf4 9 l*TgPHS«@T*feSo 3©^5ES-fe>-y-©SS 
ffi^li, 4o(Dg3._2o©Ii«:4. i3J:tJf3o©7 
>A-5fe«|^.T^«. d©#iiS-fe>-9-©#ii 
flttfc S5tftf*i:^»W®4 5, SK»^-^M@^m^4 
6fc«ktW&=e^M«ffi4 7$r#^LTVNSo 3©12> 

uv ^ 2 oogift4 ©iflnda£mfiT*%«nms4 5 

^BEfiL, #^*«£4 ©^HW(c(dM%r.^Ma)£flHi 

4 6, feiiW=E-^ffl@Sii4 7 ^IBgLfcfe© 

T*feSo zo>%mm-zyv-\z. $m&h. w$mM4 5 

<S4 7 fc&^-t-S^m^ra-^x/^&^ffix-;^ 
>yic«fcy#oT^s„ $^{C#H*^4©T®fC&g 

Wffi&m* 8 t, TgP@^«^4 9 t S:«»fe%©7? 
feSo *&»S^^>*fc|^IC|tffidatW3 3IC«» 
^Cgyffi-tSf-«)©ftfg&|g^Tg^-tS3il{C«fc y, 

[0 0 9 9] ^tC, Zl©ftitK-fe>-9-©l&#&H 1 7 ft 
50 fflWCSWi"**. HI 7 (CfcV^T. 5 0J5J:tf5 1 1*^ 
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4<*4i:, TSP@^«g4 8fcJ:tf4 9 *fix#&5*§£, Sttt#4 fCtegl 1 6 (b) F-F^B 

3>-r>-y\ 5 2tiDCyH7XtEfe 5 3liAGC ERC^:£r6KC'R&frh U ^ U *j&^g^-r5 0 

Of- h^-f >3>hn-;i/) SOft. 5 4 tiC -V ($ ioT, EJI»iIKl£f Zl<5Q-fe>-9-<3[)Sfift4 

S-ttffi) 5 8ttACWB3n?&<5. IgffiTKS tt. ACSEI5 8 tCiSfi&ilBigl&i:, ElfSlftjfCj; U 

4 5Kg§KSttfcAC«B3R5 8 trW7Xtf>£#>CDD ^CfenU^U AlCj:*!Httt SrfiftLfcia»€:-r&. 

C/W7X*BEW5 2i:K:j:y. 2ocDS*«:4l3M AC«BE«5 8C«fc»J*Ufe»«9l*»CJ:*aia 

IWg4 5i:CDr^C^DS|^«5I^Cj;ySVHCl 8 0^ im<Djjftil£. EPBBBKliyfeUfeay^UAtCj:* 

©faffiMSfcoTACSEEasis 8<Z)M^{Cf5DTiil*3 S»©#fiJi:ttSv*fcttS-*-6. 

fflfrTS. £©fc£H©¥^K^+*¥tt*flKD*|jS [0 1 0 0] ftfitt4©I&|Bj!^{C e }:5y#fa<^&u 

* *> y (CBMraltt-f -5 ' £ K. «fc y £ 15 * 

uy = AXsin (corT) (3) 

u y' = AXarXcos (o r T) (4) 

A : ftft#4©y#ffi©JfcfcXffi y£Fc&£& *©#ffl(^l 6£^L&iy 

co r : S*^4 © y #l$I^|fltf)#Mi&l& T'feS. 3 U * D * F c ti, M/£2^©#S££!£ Q x, 

EBBH&fe'r JttflMtt. uy' {citM-tSn* #S»ft4tf>f£tt£mi;-t-.sh 

Fc = 2QxXmXuy' (5) 

t£Z>m&1*3bZ>. nU^-U^Fci:z^r6j<D^* *u z ttf>BSGf&t, z #|6jcD|lH£3S£ k z £f St 

Fc = kzXuz (6) 

■&Z>fflgkt?'3bZ>o (6) , (7) <D2^£>) 20 

uz = (2QxXmXuy' ) /kz (7) 

;i*i£yjaa#4tTg|S@;£«li4 8££>fS© tf£, mzHZ^L<-tZ»Jm&ib?>. &if&£. yfifi 

t&ftfrZ. 7 (a) {C. ^f-Z.(D^ffi ^©MjS^'^l$tlSzip([|^|BlCD#ii±©^ig . 

fe«)CD^milIS&^©-M5:0 1 7 (c) {CS^-r. [0 103] f i >'WX"?xyN2 0±(C7*Nyy 

to ioi] 2-D<DmA^A<Dyi5^mmmmLu y^y-t-&£zfx.y?-y>fiz&*j3Ly?-yym2 i& 

y«u ifcSvHcGtfgtfi 8 0«T4vtn*fc«>. 2 ceo igtf, *©ifex^:/*?*2 l &igttfc^®tcgtffclBI 1 

KftftlCflK 3>JtU*Fc ©ffcH*>fc2WC 1 8 OS 30 8 ftJKjaWS. 3©g£. ft3Riftffl©ttKl*. SC4# 

■f tiS. iot. Hftft4 £:T95@>£«fi4 8 4 £TgPH5£®li4 8 <fctf4 9 t^tsn>f> 

n^T^iKZHsafc tt;i:gi#4 tTSPHsm@4 9 vmmztm-tz. x.v*yym2 1 hjwm am®. 

'p^r&. z.(mmmMmmzttj@ii,t~w±zmi i i©^<*icfe#-rs£ft, mum. («*.«. 2^m^e> 

(c) T?aVtBB»"efcyef. ^©^ffimiS&tt, @2 3#m) SS^f-So »>f£9 ICTS@£W§4 8 

(c) tmfrmtmmmu-e&z,. ^«fco f Tgp@^iifli4 9S:^*fc«^A-y^^tf{Cct 

<*«:-jaBHrciSj@H»a-tt*fc«>, dc/ut*wj± vmHtt^jx-tz mis (a) ) . Mtttwh 

Mb 2. 8ilAGC Of- h :«"7»CJ:y£J«S8 &gJ&-*-&©7*%>.J:V\. Z.<D&, 

□ -;b) 0S&5 3, |gi& ; En ; Jf-ffl«@4 6j3«fcmSi& 7VWx9x/\2 0i:3HSg8:79-f*>hU BUSg 

mWMl 7 SrWrS^T'feSo *fcC-V (M 40 ftjc, f/H^^iA2 0©JE*&ilt 

-*EE) ^&f|5 4tt, 02 (c)©12. 13, 1 s. y fft^rfi]<Z)i5Ii©|gI*M^^ ^m^Sf&-hlfS 

coio2] z.<D\mmmztzim<mmm$: mm-tz>t=.&>.- z.<»j%^T:m%zfr&zms\Piv>W!k 

^■T5„ Ell 8(*a®9©MK*^X 7 JU^x.J\2 0<DW.fr\t. TrJUXVJLK2 0frbm 

y<n§mfflm.\zMs^ , m ^&&m&<nimm.-tyv ^ mi s (b) > . ®»^4©a*$:ii^-r 
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[0 104] «E9#5>y3>*»e>**»£. s 

&9 tTSP@^W14 8£J:rFFS5@5£«*i4 9 £©(13 
&^-t£&NH#&Sfe«). »S9©*S{c^tm*fe 
(dSfbR*»&*6«SBH»S:*fa«U TgPH^«14 8& 
<fc £>*Tg|5@/£«ji 4 9 CD/1 # - > MMt. fcti 

# ftiflCj: y TgPH^«@4 8 33 J:tfTgP®5£« 

8fe«kt>*TgiJa^«S4 9©1/^ 

&4 8fcJ;tfTSP@?£«@4 9 &JBaW-<50n»*iJ:v>. 

4 8fc<fct>*4 9£LTt)«fcVN „ £©ffe. 

/t>f*?x/N2 0fclStR9«:79-f*>M,. {£Slfl^ 

[0 10 5] T/UXVX.J\2 OCO^StCPEC 

V D £ fatarty # ifJC J: y gflJI* feliSMft 

(Ell 8 (c) ) . ^CO^T-r 
*tfx/\2 0 &Xy^->y-r6IR»CH351txy^> 
y*m%-tZ>m£. TJUX7X.J\2 0<Dl&gkl3fa*:^ 

<fc tfM^rte x y ^ > v \T I J, SEfCxE^tfeCDT-, 

[0 10 6] #{C, «&ttxy*->4TOK:.fc*9x-/ h 

<4*yx.y*yy (RIE) jSK&iO ^SUTf/U^ 
#x/\ 2 0 £M;frl4x y > y-TS i £ tc J: y }^&ffc 

"tS ®18 (d) ) . »6V*MJt#ttxy*-:/£r8:"t 
SfeAtC/ty £/ s >JR 2 2 iCflRifrfc */ U n > I 

5&M®g8 SrJBdtLT*! J:v\, 
[0 10 7] r^JC, ^B£#H^i M%.\-m&&t=.\*M& 
KjStvKflO t\ xy^>^f3 5ej:ae&H«B81: 
fav^a^K:j*&18ttfc#»E«3 4 (^co^T-iiM 
®te#5*) fc. TVWa^x^o^&HH&te? 

«. mm-s-tz^ mimm3 szmmnu &m 

«3 4&|^fcUT»ffi8tefc-**0-O%iJ:V\ 

Idu S^9fe<kt>*li^J#SP3 3fcHWii:U ftg&lg 

3 4 fcl^fgi: UT»flBfc&"*S©T 5 bJ:V\ &SSS3 

4^>y3>f^^ tuteiw 

+*4Wtt©^3«SS:*ai , t S^li&g-fe yViZ fcv NT 14. 
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y^y>?&t=.\zw(-x#yey>fteZ) £M±>®z. 

£ "rJU X^ia 2 0 ©x >y > 2 1 {C J: y T-£ 
T*&S£fcjW3*b^ (Ell 8 (e) ) „ 

[0108] &ji(Dxmiz£vw&m}}tt&m£<bft 

mmizyvcDWskzmtgmf&ii^wT', wmm 
?&mb<»imm*&fc^&tim&^yv(»%mrM. i k 

y^ZWkirzztimmT'ibZ. ife^JiS&^m-T 

5 fc«)<Z)^ffilHlg& I C 2 5 £g« 9 fCf^ U iitfi =b «r 
tgT'&S. 

[0109] Efleai&^^s^cT^iiis^m 
20 u^&z.£\z&v\m3jfa^te&2m\zMhxjmm. 

[oiio] sasw7©^ijftK'fe>-b-fcjiafi«i 

6 e> 5 tci$/<fc^«: < £ v i oco^i5is-fe 

& ra^**R±tc# VlMtz.HK* y BiSHrtc «fc S^iii 
[0 111] 

30 t (110) M^I-S^XAhSrg^-t-S^ttCky 
nMT«3tifc=fe©lc*fU ^XAfcH^ttxy^ 

[0 112] «*^2«KIBKOfW!b!rfe>Wt 

i:K*»«)^-t^K$:^x/N®p»gT 1 8 0Stf>lHl&*J1fc 
i: ft* J: o tmmz L fc z. £ iz «fc y mAfaamSLmfi 

ttfX-g&fcto. ^MWh^Wm^tji-tny^y^ 
40 ®»*£JfeB3fcfb&*£ 

[0 113] flW^3«CK«®«tt**>*»*. R 

mm^^mmmBK u^^ tc j: y s*#;cD{wa 
^ (i i o) w{cgfi£&5 (iii) ira»aan* 

[0 114] »*«»4«fCR«©«ttA-fe>-9-Ji, K 

©R«f^^Cfi»*«^&«»tfe3fcK:J: y± 
R«>XAS:Xy^->y-t*»i:K:j:yjR*atl*»» 

i:M©^##3ficD{B!iBii, (no) m\zmm.t 
50 «s« (i 1 1) ffitoft-ejKfaans'ifcfeiHEE-r*. 
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[0115] m^m^ztmommjizy^t. m. 

[0116] mx^emtt-itmrnmimiamoy 

[0117] m&^amztmoMmj-tywt. m 
m>w&m*n»&z.t.K**). mmnzy-v-amm 

tons] m&Tmvmttzim&mn omzmm 
m%.t~z.£\z& vm&<*<z>&k&mmz£?>wM{*<Dm 

[0 119] m^ami imztmoymkh^ywz. 

ft*ft©#:!fetfifiS: < »J ffr ZLtiZ^V. j»#©SC 
< »J m < 3 IC <fc o TPSJSf S 3 6© 

[0 12 0] ff^^l 2«JC|B«©IHffi*-b>W*, 

[0121] tt#g&tsi zmzm&oym&jrty-wt, 

[0 12 2] ftft&gl 43g{C8B«CDM'(4*-fe>-9-{i, 

#)© I C-fbS*i3MftffiE»S:RWS3i:K:J: »A 
■fe >-y\fe/MKc+5 3 i: ^ «rig i: 

[0123] m*^i 5mz%m.<Dm&j-tym*, 

«^±{C#tfiEg £&£&-*-•&££>© I C-ftStlfcitefilffl 
[0 12 4] Ht&mi 63atC|B«©«tt*-fe>*t4. 

[0125] mmmn iwtffl&nw&i-zy-y-i-t. 

&fK±(cftB»&tr££lc.}: yjg^s##©ftfifi&&4> 
& < ti 2 -3©*»K:»»T»ffi-r & £ ii s^nTiBJWRffi 
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[0126] n&gmi zmzw&vmmiKyw*, 

~o (110) ffittt6|«fiS/iJ 3>*»e,fe6i>i/\ 
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